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SPECIFICATION 
BALANCER MECHANISM FOR ROTARY SHAFT 

5 TECHNICAL FIELD 

The present invention relates to a balancer mechanism for reducing a 
rotary moment which acts on a rotary shaft from members supported by the 
rotary shaft which is rotatably supported by one or more shaft supports. 

10 

BACKGROUND ART 

In an indexer, crank press or robot arm, etc., rotary shafts are rotatably 
supported on one or more shaft supports and members such as a table, a movable 
disc, and an arm are supported on the rotary shaft. 

15 For example, in the indexer, a pair of rotary shafts fixed to a table are 

rotatably supported on a pair of shaft supports, and a driving force is applied by 
an electric motor to the rotary shaft to rotationally drive the table. 

The table is provided with a turn table, rotatable around a shaft 
perpendicular to the axial center of the rotary shaft and its drive mechanism, a 

20 work is detachably mounted on the turn table to machine. 

Usually, it is difficult make the center of gravity of the table and the work 
mounted on the table to conform with the rotation center (axial center of rotary 
shaft) because various shapes and sizes of works are set to the indexer. Therefore, 
the rotary moment caused by the off-set load of the table and work operates on the 

25 rotary shaft and increases the load of the electric motor. 
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Accordingly, a balance counter is installed in the table, etc. to make the 
center of gravity of table and the work to conform with the rotation center, but the 
responsiveness at the time of rotating and stalUng the table and the work 
deteriorates. 

5 This problem relates to not only an indexer, but also various equipments 

not free from the rotary moment from members supported by means of a rotary 
shaft rotatably on the shaft support, such as crank press, robot arm, etc. 

However, when the rotational center of the table and work does not 
conform with the center of gravity, the magnitude of the rotary moment acting on 
10 the rotary shafts changes according to the angle of rotation of the rotary shaft 
(table and work). 

A rotary table with a pressure applying mechanism has been disclosed in 
Japanese Laid Open Patent Publication 2001-277059. In this pressure applying 
mechanism, an air-operated hole is formed at the end of a rotary shaft, a first 

15 compression surface and a second compression surface being formed on the shaft 
so as to face to the hole. An air-supply member is inserted into the air-operated 
hole of the rotary shaft, the first or second compression surface receives 
pressurized air supplied fi:om a first or a second port of the air-supply member, 
and a rotary moment to a first or a second direction operates on the rotary shaft. 

20 Thus, a balancing rotary moment is generated which cancels at least a part of a 
rotary moment caused by the offset load of a rotary table and a work. 

However, in this rotary table, the air-operated hole is formed at the end of 
rotary shaft, the first compression surface and the second compression surface 
being formed at the wall of the shaft, an air-supply member being inserted into 

25 the air-operated hole, and an air passage and a pressure-air supply system also 
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become necessary, complicating the structure and increasing the manufacturing 
cost. In order to correspond to the rotary moment changing according to the angle 
of rotation of the rotary shaft, an air valve and a controller can also be provided to 
adjust the pressure of a pressure -air supplied to the air-operated hole, but the 
5 structure is further complicated with increased manufacturing cost. 

The object of present invention is to generate a balancing rotary moment 
which cancels at least a part of a rotary moment acting on a rotary shaft, by 
means of a gas spring to reduce the rotary moment simply and reliably. Another 
object is to improve the responsiveness at the time of rotating and stalling 

10 members supported by the rotary shafts, the other object is to generate the 
balancing rotary moment having a magnitude corresponding to the magnitude of 
the rotary moment on the rotary shafts. The other object is to simplify the 
structure. The other object is to make it easy to install and use in various existing 
equipment in which a rotary moment is operated on the rotary shaft by the 

15 members supported by the rotary shaft, and so on. 

SUMMARY OF THE INVENTION 

The present invention relates to a rotary shaft balancer mechanism for 
reducing a rotary moment operating from members rotatably supported on the 

20 rotary shaft rotatably supported on one or more shaft supports, characterized by 
comprising a cam member fixed to an end of the rotary shaft, a cam follower which 
makes contact with the cam member to follow it up, and a gas spring for 
elastically energizing the cam follower to the cam member and for generating a 
balancing rotary moment canceling at least a part of the rotary moment via the 

25 cam follower and the cam member. 
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The rotary shaft balancer mechanism can be appUed to equipment having 
a rotary shaft where a rotary moment is operated from members supported by the 
rotary shaft, such as a rotary shaft which rotatably supports a table detachably 
mounted with a work in an indexer, a rotary shaft which rotatably supports the 
5 crank shaft of a crank mechanism driving a movable member up and down in a 
crank press, and a rotary shaft which rotatably supports a robot arm, etc. Above 
rotary member is due to the wight of members by the rotary shaft. 

In the rotary shaft balancer, a cam member is fixed to an end of the rotary 
shaft, a cam follower is elastically energized toward the cam member, pressed 

10 against the cam member and makes contact with it, and the cam follower follows 
up the cam member rotating integrally with the rotary shaft. The balancing 
rotary moment, which cancels at least a part of the rotary moment, operates on 
the rotary shaft by the gas spring via the cam follower and the cam member to 
reduce the rotary moment. 

15 Thus, it is possible to reduce the rotary moment simply and reliably by the 

gas spring, thereby reducing the load of the drive mechanism for driving the 
rotary shaft, with improved responsiveness at the time of rotating and stalling the 
members supported by the rotary shaft. Moreover, the balancer mechanism 
comprises a simple construction with a cam member, a cam follower and a gas 

20 spring, with favorable manufacturing cost. Furthermore, it can be easily installed 
and used in various existing equipment in which a rotary moment operates on the 
rotary shaft from members supported by the rotary shaft and is excellent in 
flexibility. 

Next, a preferable and practicable constitution of the present invention 
25 will be described. 
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The cam member may be composed of a disc member having an axial 
center eccentric to the axial center of the rotary shaft and the cam follower is 
constructed so as to contact with the periphery of the disc member. 

The cam member can be made in a simple shape, and the cam follower 
5 smoothly follows up the cam member. The balancing rotary moment operates on 
the rotary shaft via the cam follower and cam member to reduce the rotary 
moment. Moreover, the magnitude of the rotary moment changes according to the 
angle of rotation of the rotary shaft, but the position of inputting a force from the 
cam follower to the cam member, and its direction and magnitude can be properly 
10 changed so as to generate a balancing rotary moment having a magnitude 
corresponding to the magnitude of the rotary moment on the rotary shaft. 

The cam follower may be composed of a roller member rotatably mounted 
to an output member of the gas spring. The cam follower may make contact with 
the periphery of the cam member to follow it up more smoothly for preventing 
15 wear and damage of the cam member and cam follower. 

The direction in which the cam follower is elastically energized by the gas 
spring faces the axial center of the rotary shaft. The gas spring can be fixed and 
mounted, simpUfying the assembly of the gas spring while the balancing rotary 
moment operates on the rotary shaft with a magnitude corresponding to the 
20 magnitude of the rotary moment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of an indexer having a rotary shaft balancer 
mechanism relating to an embodiment of the present invention. 
25 Fig. 2 is a left side view of the indexer. 
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Fig. 3 is a III-III line sectional view of Fig. 2. 

Fig. 4 Fig. 7 are operation schematic diagrams of a rotary shaft balancer 
mechanism, Fig. 4 shows a state in which the angle of rotation of rotary shaft is 0°, 
Fig. 5 shows a state in which the angle of rotation of rotary shaft is about 30°, Fig. 
5 6 shows a state in which the angle of rotation of the rotary shaft is 90°, and Fig. 7 
shows a state in which the angle of rotation of the rotary shaft is about 150°. 

Fig. 8 is a schematic diagram of a balancing rotary moment operating on 
the rotary shaft, 

Fig. 9 is a chart showing the balancing rotary moment operating on the 
10 rotary shaft according to the angle of rotation of the rotary shaft. 

Fig. 10 is a left side view of an indexer having a balancer mechanism 
relating to a modified embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 The embodiment described below is an example of the case of applying a 

rotary shaft balancer mechanism of the present invention to an indexer in which a 
work to be machined by a working machine is detachably mounted. Moreover, 
arrows a and b of Fig. 1 shows, respectively upward and leftward. 

As shown in Fig. 1, an indexer 1 is provided with a table 2, a pair of rotary 
20 shafts 3, 4 fixed to the table 2, a left shaft support mechanism 5 including a shaft 
support for rotatably supporting the rotary shaft 3, a right shaft support 
mechanism 6 including a shaft support for rotatably supporting the rotary shaft 4, 
a rotational drive mechanism 7 having an electric motor 7a for rotationally 
driving the table 2 and the rotary shafts 3, 4 around the axial center A of the 
25 rotary shafts 3, 4, and a rotary shaft balancer mechanism 8 (hereafter referred to 
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as a balancer mechanism 8). Moreover, the construction of the table 2, the rotary 
shaft 3 and the support mechanism 5 differ more or less in Fig. 1 and Fig. 2 - Fig. 
7, but they are described by indicating with same reference numerals members 
essentially same. 

5 The rotational drive mechanism 7 is provided in the vicinity of right shaft 

support mechanism 6, a driving force being input from the rotational drive 
mechanism 7 to the rotary shaft 4, with the table 2 being rotationally driven. A 
turn table rotatable around a shaft perpendicular to the axial center A of the 
rotary shafts 3, 4 and its drive mechanism (omitted) are provided in the table 2, 

10 on which a work W to be machined is detachably mounted, work W. 

When the center of gravity of the table 2 and the work W mounted on the 
table 2 do not conform with the axial center A of rotary shafts 3, 4, a rotary 
moment Ml (shown in Fig.8) caused by an offset load of these table 2 and work W 
operates on the rotary shafts 3, 4. 

15 The balancer mechanism 8 is a mechanism for reducing the rotary 

moment Ml generated by the weight of members (table 2 and work W) supported 
by the rotary shafts 3, 4 on the rotary shafts 3, 4, which are rotatably supported 
by the shaft support mechanisms 5, 6. 

The balancer mechanism 8 is described in detail hereafter. 

20 As shown in Fig. 1 ^ Fig. 7, the balancer mechanism 8 is provided with a 

cam member 10 fixed to the left end of rotary shaft 3, a cam follower 15 which 
makes contact with the cam member 10 to follow it up from the slightly lower side, 
and a gas spring 20 elastically energizing the cam follower 15 toward the cam 
member 10 (upward) and generates a balancing rotary moment M2 (shown in 

25 Fig.8) for canceling at least a part of the rotary moment Ml on the rotary shaft 3 
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via the cam follower 15 and the cam member 10. 

The left end face of the rotary shaft 3 is exposed from the left end of shaft 
supporting mechanism 5 to the outside, a short shaft member 14 made eccentric 
to the axial center A of rotary shaft 3 is fixed to the left end face of the rotary shaft 
5 3, the cam member 10 being fixed to the left end face of the shaft member 14. 

The cam member 10 made of a circular disk member in a position eccentric 
to the axial center A of rotary shaft 3 has a center B and is constructed so that the 
cam follower 15 makes contact with the periphery of the cam member 10. The cam 
follower 15 is made of a roller member rotatably mounted to an output member of 
10 the gas spring 20. In this instance, when the position of center of gravity of the 
table 2 and work W is located at the lowest side and the rotary moment Ml is in a 
state in which it does not act on the rotary shaft 3 (e. g., a state of Fig. l), the 
center B of disc member 10 is set up just below the axial center A of rotary shaft 3 
(see Fig. 2, Fig. 4). 

15 The gas spring 20 is arranged in a standing posture below the cam 

member 10 and shaft member 14, a cylinder member 21 of the gas spring 20 being 
fixed to the firame of shaft support mechanism 5 by a bracket 19, etc. An output 
member 22 of the gas spring 20 protrudes upward from the cylinder member 21 
and is elastically energized upwardly by a pressurized-air filled in the cylinder 

20 member 21. A bracket 25 is fixed to the upper end of output member 22, both ends 
of a roller shaft 26 being fixed to the bracket 25, with the roller member 15 being 
rotatably supported on the roller shaft 26. 

The balancing rotary moment M2 acting on the rotary shaft 3 is described 
hereafter with reference to Fig. 8. Moreover, the radius of cam member 10 is R, 

25 the radius of roller member 15 is r, the eccentric amount of the center B of cam 
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member 10 is m, the angle of ZACB is 9, and the energization force which 
elastically energizes the roller member 15 upward by the gas spring 20 is F. 

As shown in Fig. 8, the locus of center B of the cam member 10 becomes a 
circle t, and 0a ranges from 0 to about 25^. When the angle of rotation 0a of rotary 
5 shaft 3 where B is located at the lowest side is 0, 0 becomes the minimum angle of 
0^ where the angle of rotation 0a of the rotary shaft 3 is 0° or 180°, and 0 becomes a 
maximum angle of about 25° where the angle of rotation 0a of rotary shaft 3 is 90° 
or 270O. 

A force f = F x cos 0 directing from p to B is input from the roller member 
10 15 to the cam member 10. 

The length between A and q becomes a lever to the force f, the balancing 
rotary moment M2 = f x L = F x cos 0 x L operating on the rotary shaft 3. 

Here, if 0 is an angle close to about 25°, L can be approximate to 
L = (R + r) X tan 0, and M2 can be approximate to 
15 M2 = F X cos 0 X (R + r) X tan 0 = F X (R + r) X sin 0. 
According to the cosine law at AABC, 
h = (R + r) X cos 0 + [(R + r) 2 X cos2 0 - (R + r) 2+ m^] 1/2, therefore 
M2 = F X cos 0 X [(R + r) X cos 0 + [(R + r) 2 x cos2 0 - (R + r) 2+ m2] 1/2] x sin 0 
Here, if r : R : m = 6 : 15 : 8, 
20 M2 = F X cos 0 X [21/6 x r x cos 0 + (212/62 x cos2 0 x r2- 212/62 -h 32/62 x r2)i/2] x sin 0 
= F X cos 0 X sin 0 [3.5 x cos 0 + (12.25 x cos2 0 + 5.52) 1/2] x r 
At this time, the value of M2/F when changing 0 every 5° in a range ofO^ ~ 

200. 

As is evident from this chart, the greater the 0 becomes in a range of 0° ~ 
25 about 25°, the greater the balancing of the rotary moment M2 becomes. 
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0 

The functions and effect of balancer mechanism 8 will be described next. 

In the balancer mechanism for rotary shaft 8, the cam member 10 
consisting of a disc member having the center B eccentric to the axial center A of 
rotary shaft 3 as is fixed to the left end of rotary shaft 3, the gas spring 20 is 
5 arranged in a standing posture below cam member 10, and the cam follower 15 
consisting of a roller member is rotatably mounted to the upper end of the output 
member 22 of gas spring 20. 

By the gas spring 20, the cam follower 15 is elastically energized upward 
toward the cam member 10, pressed to make contact with the periphery of the 
10 cam member 10, and the cam follower 15 follows the cam member 10 rotating 
integrally with the rotary shaft 3. 

When the center of gravity of the table 2 and the work W mounted to table 
2 do not conform with the axial center A of rotary shaft 3, the rotary moment Ml 
caused by the offset load of these table 2 and the work W operates on the rotary 
15 shafts 3, 4, but the balancing rotary moment M2, which cancels at least a part of 
rotary moment Ml, operates on the rotary shaft 3 via the cam follower 15 and the 
cam member 10 by the gas spring 20. 

The magnitude of rotary moment Ml acting on the rotary shaft 3 changes 
according to the angle of rotation Oa of rotary shaft 3, if the maximum rotary 
20 moment Ml is Mo, the magnitude of rotary moment Ml becomes I Mosin 6a I . As 
shown in Fig. 6, if the angle of rotation 0a of rotary shaft 3 is 90° (270°), the rotary 
moment Ml maximizes, and the balancing rotary moment M2 also maximizes. 

For example, as shown in Fig. 5, if the angle of rotation 8a of rotary shaft 3 
increases between 0 and 90*^, the rotary moment Ml increases and the balancing 
25 rotary moment M2 also increases. For example, as shown in Fig. 7, if the angle 
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of rotation 9a of rotary shaft 3 increases between 90 and 180°, the rotary moment 
Ml decreases and the balancing rotary moment M2 also decreases. 

As described above, the balancer mechanism 8 enables reducing the 
rotary moment Ml simply and reliably by the operation of the balancing rotary 
5 moment M2, which cancels at least a part of the rotary moment Ml, on the rotary 
shaft 3 by the gas spring 20, enabling reducing the load of rotational drive 
mechanism 7 driving the rotary shaft 4 and improving the responsiveness when 
rotating and stopping the rotation of the table 2 and the work W supported by the 
rotary shafts 3, 4. 

10 Moreover, the balancer mechanism 8 is of simple construction, being 

provided with cam member 10, cam follower 15 and gas spring 20, favorable in 
manufacturing cost. Furthermore, it can be easily installed and used in various 
existing equipment in which a rotary moment operates by members supported by 
rotary shafts, also excellent in flexibility. 

15 The cam member 10 consists of the circular disc member having the center 

B eccentric to the axial center A of rotary shaft 3 and is so constructed that the 
cam follower 15 makes contact with the periphery of the cam member 10. The cam 
member 10 can be made in a simple shape, and the cam follower 15 can smoothly 
follow up the cam member 10. Moreover, the balancing rotary moment M2 

20 operates on the rotary shaft 3 via the cam follower 15 and the cam member 10 by 
the gas spring 20 to reduce the rotary moment Ml over roughly the entire region 
of 0 ■ 360° for the angle of rotation 0a of rotary shaft 3. 

Furthermore, the magnitude of rotary moment Ml changes according to 
the angle of rotation 6a of rotary shaft 3, but the balancing rotary moment M2 

25 having a magnitude corresponding to the magnitude of rotary moment Ml 
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reliably operates on the rotary shaft 3 by properly changing the position for 
inputting a force from the cam follower 15 to the cam member 10 and the direction 
and magnitude of the force by the gas spring 20. 

The cam follower 15 consists of the roller member rotatably mounted to 
5 the output member 22 of gas spring 20, therefore the cam follower 15 can be in 
touch with the periphery of cam member 10 and follow up more smoothly, and 
wear and damage to the cam member 10 and cam follower 15 can be prevented to 
the utmost to prolong their life. 

The cam follower 15 is constructed so that the direction in which the cam 

10 follower 15 is elastically energized by the gas spring 20 faces to the axial center of 
rotary shaft 3 and the gas spring 20 can be fixed and mounted, therefore the 
assembly of gas spring 20 is simplified while the balancing rotary moment M2 
having a magnitude corresponding to the magnitude of the rotary moment Ml can 
reliably operate on the rotary shaft 3. 

15 Next, modified embodiment partly changing above embodiment will be 

described. 

(1) As shown in Fig. 10, a hydraulic cylinder 40 is provided in place of the 
gas spring 20, and an accumulator 45 supplying roughly constant oil pressure 
may also be provided for the hydraulic cylinder 40. Namely, the hydraulic 
20 cylinder 40 and the accumulator 45 elastically energize the cam follower 15 to the 
cam member 10, and a balancing rotary moment M2, which cancels at least a part 
of rotary moment Ml, operates on the rotary shaft 3 via the cam follower 15 and 
the cam member 10. 

Here, the hydraulic cylinder 40 is arranged in a standing posture below 
25 the cam member 10 and shaft member 14, and a cylinder member 41 of hydraulic 
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cylinder 40 is fixed to the frame of the shaft support mechanism 5 by the bracket 
19. An output member 42 of hydraulic cylinder 40 (a piston rod 42) protrudes from 
the cylinder member 41 upward, oil pressure is supplied to a hydraulic operating 
chamber (omitted) in the cylinder member 41 by the accumulator 45, and the 
5 output member 42 becomes a state in which it is energized upward toward the 
cam member 10. A roller member 15 (cam follower 15) is rotatably mounted to the 
upper end portion of the output member 42. Moreover, other constructions of the 
balancer mechanism 8 as well as their operation and effect are same as the 
balancer mechanism 8. 
10 (2) The cam member 10 needs not to be made into a circular member and 

may also be constructed into various shapes such as a partly circular member, an 
elUptic member, a partly elliptic member, etc. so that the cam follower 15 makes 
contact with it and the balancing rotary moment M2 operates on the rotary shaft 
3. 

15 (3) The cam follower 15 does not need to be made into a roller member 15 

and may also be constructed to be simply in contact with the cam member 10 to 
construct a follower capable of following up. 

(4) The installation position and posture of the gas spring 20 and 
hydraulic cylinder 40 are properly changeable. For example, the hydraulic 

20 cylinder 40 may be installed on the side of cam member 10 in a transverse posture 
or the hydraulic cylinder 40 may be installed above the cam member 10 in a 
downward posture. 

(5) A pair of balancer mechanisms 8, 8A may also be provided 
corresponding to the pair of rotary shafts 3, 4, and the balancing rotary moment 

25 may also operate on the rotary shafts 3, 4. 
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(6) Plural balancer mechanisms 8, 8A may also be provided for each of 
rotary shafts 3, 4. 

(7) The elastic energizing force of gas spring 20 which elastically energizes 
the cam follower 15, i.e., the gas pressure in the gas spring 20 may also be 

5 adjustable. In this case, a gas pressure adjustment means consisting of a pressure 
adjusting valve and its controller for automatically adjusting the gas pressure 
according to the magnitude of rotary moment Ml may also be provided. 

(8) The direction in which the cam follower 15 is elastically energized by 
the gas spring 20 and the hydraulic cylinder 40, i.e., the position (posture) of gas 

10 spring 20 and hydraulic cylinder 40 may also be adjustable. In this case, a position 
adjustment means consisting of a position adjusting mechanism and its controller 
for automatically adjusting the position of gas spring 20 and hydraulic cylinder 40 
according to the magnitude of rotary moment Ml may also be provided. 

(9) The balancer mechanisms 8, 8A can be applied not only to the indexer 
15 1 but also to various equipment having rotary shafts in which a rotary moment is 

operated by the weight of members supported by the rotary shafts, such as a 
rotary shaft rotatably supporting the crankshaft of a crank mechanism which 
drives a movable member up and down in a crank press, and rotary shafts 
rotatably supporting a robot arm, etc. 

20 
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